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A method is described for switching digital sig-

fabric switches

fabric switches being smaller than the number of the mul-

nals. The method includes the step of generating multiple
input flows from multiple inputs, the number of the mul-
tiple input flows being higher than the number of the mul-
tiple inputs; the step of arranging the multiple input flows
into first multiple groups of flows taking into account the
switching capacity of at least two fabric switches, the
number of flows switched by each of the at least two

tiple input flows; the step of duplicating the first multiple
groups of flows into at least one corresponding copy; the
step of arranging the first multiple groups and the at least
one corresponding copy into second multiple groups of
flows; the step of switching flows of the second multiple
groups into the at least two fabric switches; and the step
of selecting multiple output flows from at least part of the
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switched flows of the second multiple groups.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to the telecom-
munication field and more in particular to a method for
performing the switching of digital signals. Still more in
particular, the invention concerns amethod for accessing
a plurality of fabric switches.

BACKGROUND OF THE INVENTION

[0002] Several solutions are known in the art for the
problem of performing a switching function for cross-con-
nections between a plurality of inputs and a plurality of
outputs, in case a single switching matrix (also indicated
with "fabric switch") performing the switching function is
not feasible. According to the known solutions, the
switching function is performed by using a plurality of
smaller switching matrices, which are globally equivalent
to a single switching matrix performing the switching
function.

[0003] A first solution to the above problem is an ar-
chitecture composed of multiple switching stages like the
Clos architecture, which is composed of three stages and
which has the advantage to require less crosspoints than
a single switching matrix. Depending on the number of
switching matrices of the second stage, the Cloys archi-
tecture is re-arrangeably non-blocking (that is, an unused
input can always be connected to an unused output, but
the configured cross-connections must be re-arranged
by assigning them to different crossbar switches of the
second stage) or strictly non-blocking (an unused input
can always be connected to an unused output, without
rearranging the configured cross-connections).

[0004] A re-arrangeably non-blocking Clos architec-
ture requires the reconfiguration of the existing cross-
connections, which is time consuming: in case of requir-
ing the configuration of a new cross-connection after a
failure on a cmss-connection, the time spent for the re-
arrangement of the existing cross-connections and for
the configuration of the new cross-connection is too high
(for example, more than 2 ms) and this has the disad-
vantage that a lot of data carried over the failed cross-
connection is lost during this time.

[0005] A strictly non-blocking Clos architecture does
not require the reconfiguration of the existing cross-con-
nections, but it requires an high number of crossbar
switches in the second stage, which has the disadvan-
tage to be expensive and also not feasible.

[0006] Moreover, the Clos architecture has the disad-
vantage to require a coordination of the 3 stages and
thus a complex control algorithm.

[0007] A second solution to the above problem is to
perform a parallel switching (also indicated with "slicing™).
A signal carried over an input is sliced into several parts
(for example, every byte of the signal is divided into 8
bits) and the different parts (slices) of the signal are sent
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to different switching matrices. This is performed for eve-
ry input and thus each switching matrix performs the
cross-connection of one slice of all the inputs (in the ex-
ample, every switching matrix requires a switching ca-
pacity of 1/8 of the capacity of the total switching func-
tion). This second solution is not feasible in case of a
switching function including many inputs/ outputs, be-
cause it would require an high number of slices and thus
an high number of parallel switching matrices.

[0008] A third solution to the above problem is to split
the flows received from each input into a number of flows
equal to the number of the outputs, to send the splitted
flows to corresponding buffers and each output can se-
lect the flow from any buffer. This third solution has the
disadvantage to require an high number of buffers, equal
to the number of inputs multiplied by the number of out-
puts.

SUMMARY OF THE INVENTION

[0009] Inview ofthe drawbacks of the known solutions,
the main object of the present invention is to provide a
method for performing a switching function for cross-con-
nections between a plurality of inputs and a plurality of
outputs by using a plurality of smaller fabric switches.
This object is achieved by a method according to claim 1.
The basic idea is to generate a plurality of "logical” input
flows from the inputs of the switching function, to arrange
the "logical" input flows into a plurality of groups including
a number of "logical" flows such that the plurality of
groups can be switched by a plurality of fabric switches,
and to select output logical flows from the switched flows.
[0010] Advantages of the invention are not to require
the re-arrangement of the configured cross-connections
in case of configuring a new cross-connection, to require
less fabric switches respect to the Clos architecture and
to require a less complex algorithm for controlling the
switching system.

[0011] Accordingtoafirstaspect,the presentinvention
provides a method for switching digital signals. The meth-
od includes the steps of generating multiple input flows
from multiple inputs, the number of the multiple input
flows being higher than the number of the multiple inputs;
arranging the multiple input flows into first multiple groups
of flows taking into account the switching capacity of at
least two fabric switches, the number of flows switched
by each of the at least two fabric switches being smaller
than the number of the multiple input flows; duplicating
the first multiple groups of flows into at least one corre-
sponding copy; arranging the first multiple groups and
the at least one corresponding copy into second multiple
groups of flows; switching flows of the second multiple
groups into the atleast two fabric switches; selecting mul-
tiple output flows from at least part of the switched flows
of the second multiple groups.

[0012] Preferably, the first multiple groups and the cop-
ies are arranged into different second multiple groups.
[0013] Preferably, the arrangement into the second
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multiple groups is such that at least one second group
includes a group out of the first multiple groups and the
copy of another group out of the first multiple groups.
[0014] Preferably, the method furtherincludes the step
of dividing at least one of the second groups of flows into
third multiple groups of flows and the step of slicing the
flows of the third groups over the at least two fabric switch-
es.

[0015] Preferably, at least two fabric switches are ar-
ranged into multiple switching planes and the switching
of the second multiple groups is performed into different
switching planes.

[0016] Preferably, the multiple inputs are multiple input
ports and one group out of the first multiple groups in-
cludes the input flows generated from different input
ports.

[0017] Preferably, one of the multiple switching planes
includes a plurality of fabric switches and the method
further includes the step of slicing the flows of a group
out of the second multiple groups, wherein the step of
switching the flows of the group includes the switching
of the sliced flows over the plurality of fabric switches.
[0018] Preferably, the multiple inputs are multiple input
ports and a first input line card is adapted to receive the
first multiple input ports, wherein a matrix beard includes
the at least two fabric switches and an output line card
is adapted to generate the multiple output ports.

[0019] Preferably, the step of duplicating is performed
at the transmission side the first input line card.

[0020] Preferably, the step of selecting is performed
at the reception side of the output line card.

[0021] Preferably, the step of duplicating is performed
at the reception side of the matrix board and the step of
selecting is performed at the transmission side of the
matrix board.

[0022] Preferably, the step of arranging the multiple
input flows further takes into account the capacity of links
between the input line card and the matrix board.
[0023] Preferably, the method furtherincludes the step
of generating in the matrix board control information from
configuration information indicating the cross-connec-
tions between the multiple input flows and the multiple
output flows and the step of transmitting the control in-
formation from the matrix board to the output line card;
receiving the control information at the output line card
and performing therefrom the selection of the multiple
output flows.

[0024] Preferably, the method further includes the step
of generating other multiple input flows from other multi-
ple inputs, the number of the other multiple input flows
being higher than the number of the other multiple inputs;
the step of arranging the other multiple input flows into
other first multiple groups of flows taking into account the
switching capacity of the at least two fabric switches; the
step of duplicating the other first multiple groups of flows
into at least one other corresponding copy; the step of
arranging the other first multiple groups and the at least
one other corresponding copy into other second multiple
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groups; switching flows of the other second multiple
groups into the at least two fabric switches; and the step
of selecting the multiple output flows from the at least
part of the switched flows of the second multiple groups
and from at least part of switched flows of the other sec-
ond multiple groups.

[0025] According to a second aspect, the present in-
vention provides a device to access at least two fabric
switches for switching digital signals. The deviceincludes
first means for generating multiple input flows from mul-
tiple inputs, the number of the multiple input flows being
higher than the number of the multiple inputs; for arrang-
ing the multiple input flows into first multiple groups of
flows taking into account the switching capacity of at least
two fabric switches, the number of flows switched by each
of the at least two fabric switches being smaller than the
number of the multiple input flows; for duplicating the first
multiple groups of flows into at least one corresponding
copy; and for arranging the first multiple groups and the
at least one corresponding copy into second multiple
groups of flows to be switched by the at least two fabric
switches. The device further includes second means for
selecting multiple output flows from flows switched by
the at least two fabric switches.

[0026] Preferably, the multiple inputs are multiple input
ports and a first input line card is adapted to receive the
first multiple input ports.

[0027] According to a third aspect, the present inven-
tion provides a system for switching digital signals, the
systemincluding adevice according to the second aspect
and including the at least two fabric switches.

[0028] Preferably, the system includes a matrix board
comprising the at least two fabric switches, wherein the
first means further takes into account the capacity of links
between the input line card and the matrix board.
[0029] Preferably, the system includes controlling
means adapted to receive configuration information in-
dicating the cross-connections between the multiple in-
put flows and the multiple output flows and to generate
therefrom information for controlling the selecting means.
[0030] According to afourth aspect, the presentinven-
tion provides a network element including a system ac-
cording to the third aspect.

[0031] According to afifthaspect, the presentinvention
provides a telecommunication network including at least
one network element according to the fourth aspect.
[0032] According to a sixth aspect, the present inven-
tion provides a computer program comprising computer
program code means adapted to perform the steps of
the method according to the first aspect when said com-
puter program is run on hardware of a network element.

BRIEF DESCRIPTION OF THE DRAWINGS
[0033]

Fig.1 schematically shows a first embodiment of the
invention.
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Fig.2 schematically shows a second embodiment of
the invention.

Fig.3 schematically shows a third embodiment of the
invention.

Fig.4 schematically shows a fourth embodiment of
the invention.

Fig.5 schematically shows the method for perform-
ing the selection in the first embodiment.

Fig.6 schematically shows a fifth embodiment of the
invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0034] Referring to Fig.1, it shows a network element
for a telecommunication network carrying digital signals
according to time division multiplexing (TDM) and, more
specifically, according to standard Sonet. The network
element includes four input ports (indicated with P1_in,
P2_in, P3_in, P4_in), an input line card (indicated with
"Line Gardl_in") connected to the input ports and a plu-
rality of switching planes (indicated with "PlaneAl",
"PlaneB1", "PlaneAl1_d", "PlaneB1_d") for performing
cross-connections of digital signals. Each input port is
adapted to receive a digital signal having a bit rate of
about 10 Gbit/s, which includes 192 STS-1 frames (or
another multiplexed signal of the Sonet standard having
a bit rate equivalent to the bit rate of 192 STS-1 frames),
each STS-1 frame having a bit rate of about 52 Mbit/s.
The input line card receives the signals from the input
ports and generates therefrom a total of 768 STS-1 input
flows (previously indicated with "logical" input flows),
which are arranged into 2 first groups (indicated with "A1"
and "B1"), each one including 384 STS-1 input flows: Al
includes STS-1 input flows from number 1 to number 384
and A2 includes STS-1 input flows from number 385 to
number 768. The number of the input flows of each first
group depends on the switching capacity of the switching
planes PlaneAl, PlaneB1: each switching plane is able
to switch 384 STS-1, the total input flows are 768 STS-
1 and thus the input flows are arranged into 2 first groups,
each one including 384 STS-1 input flows.

[0035] The first groups of flows are duplicated into cor-
responding copies: group Al is duplicated into group in-
dicated with A1_d and group B1 is duplicated into group
indicated with B1_d, thus achieving 4 second groups of
flows, indicated with "Link Group A1" including first group
A1, "Link Group B1" including first group B1, "Link Group
Al_d"including first group A1_d, and "Link Group B1_d"
including firstgroup B1_d. Line Card 1_in generates four
outputs indicated with i1, i2, i3, i4: flows of Link Group
Al are earned overil, flows of Link Group B1 are carried
over i2, flows of Link Group A1_d are carried over i3 and
flows of Link Group B1_d are carried over i4.

[0036] Preferably, the generation of the input flows,
the arrangement into the first groups of flows, the dupli-
cation of the first groups of flows and the arrangement
into the second group of flows is performed using one
(or more than one) input memory and using means for
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controlling the write into the memory and the read from
the memory.

[0037] The generation of the input flows, the arrange-
ment into the first groups of flows, the duplication of the
first groups of flows and the arrangement into the second
group of flows of an input line card can be configured in
advance, that is before the deployment of the network
element in the telecommunication network; alternateve-
ly, it can be configured run-time, that is after the network
element is deployed in the network and is active, but be-
fore the activation of the input line card.

[0038] Each second group of flows is switched by a
different switching plane: Link Group Al is switched by
PlaneAl, Link Group B1 is switched by PlaneB1, Link
Group Al _d is switched by PlaneAl_d and Link Group
B1_d is switched by PlaneB1_d.

[0039] According to the first embodiment of the inven-
tion, the network element further includes an output line
card (indicated with "Line Card1_out") comprising select-
ing means (indicated with "Selectorl”). The selecting
means include 4 data inputs, one data output (indicated
with 01_s) and one selector input (indicated with Sell)
for controlling the selection from the data inputs to the
data output. The output line card further includes means
for associating the data output of the selecting means to
the output ports.

[0040] PlaneAl generates output il_s carrying 384
STS-1 switched flows and is connected to the first data
input of Selectorl of Line Cardl_out, PlaneB1 generates
output i2_s carrying 384 STS-1 switched flows and is
connected to the second data input of Selectorl,
PlarteAl_d generates output i3_s carrying 384 STS-1
switched flows and is connected to the third data input
of Selector, and PlsneB1_d generates output i4_s carry-
ing 384 STS-1 switched flows and is connected to the
fourth data input of Selectorl.

[0041] Therefore Selectorlisadaptedtoreceive atotal
of 1536 STS-1 flows and to select therefrom 768 STS-1
output flows carried over the output 01_s of the selecting
means. The selection is controlled by control information
over the control input Sell, which is driven by a controller
(for example, a microprocessor), calculating the control
information from configuration information indicating the
cross-connections between STS-1 signals of an input
port of the input line card and STS-1 signals of an output
port of the output line card.

[0042] The network element further includes 4 output
ports (indicated with P1_out, P2_out, P3_out and
P4_out) connected to the output line card Line
Card1_out. The selected 768 STS-1 output flows are as-
sociated to the 4 output ports: for example, output port
P1_out includes the selected output flows from number
1tonumber 192, outputportP2_outincludesthe selected
output flows from number 193 to number 384, output port
P3_out includes the selected output flows from number
385 to number 576, output port P4_out includes the se-
lected output flows from number 577 to number 768.
[0043] Each output port is adapted to transmit a digital
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signal having a bit rate of about 10 Gbit/s, which includes
192 STS-1 frames (or another multiplexed signal of the
Sonet standard having a bit rate equivalent to the bit rate
of 192 STS-1 frames).

[0044] Fig.1 shows il from Link Group Al to PlaneAl
and carrying 384 STS-1 signals, wherein il is only a log-
ical indication, that is i1 can be 384 links (each link car-
rying one STS-1 signal) between Link Group Al and
PlaneAl (thus between Line Cardl_in and the Matrix) or
can be less than 384 links (each link carrying more than
one STS-1 signal) or more than 384 links. Similar con-
siderations apply to i2 from Link Group B1 to PlaneB1,
to i3 from Link Group Al_d to PlaneAl_d and to i4 from
Link Group B1_d to PlaneB1_d. Similar considerations
also apply to i1_s from PlaneAl to Line Cardl_out, to
i2_s from PlaneBl to Line Cardl_out, to i3_s from
PlaneAl d to Line Cardl out and to i4 s from
PlaneB1_d to Line Cardl out.

[0045] Therefore according to the first embodiment,
the invention allows to perform a switching function for
cross-connection of 768 STS-1 flows by using 4 switching
planes, each one having a smaller switching capacity of
384 STS-1 flows.

[0046] Referring to Fig.2, it shows a network element
according to a second embodiment of the invention. The
network element includes 2 input ports (indicated with
P5_inand P6_in), an input line card (indicated with "Line
Card2_in") connected to the input ports and a plurality of
switching planes (indicated with "PlaneA2_C2_d",
"PlaneB2_A2_d" and "PlaneC2_B2_d") for performing
the cross-connections of digital signals. Each input port
is adapted to receive a digital signal having a bit rate of
about 10 Gbit/s, which includes 192 STS-1 frames (or
another multiplexed signal of the Sonet standard having
a bit rate equivalent to the bit rate of 192 STS-1 frames).
The input line card receives the signals from the input
ports and generates therefrom a total of 384 STS-1 input
flows (also indicated with "logical" input flows), which are
arranged into 3 first groups (indicated with "A2", "B2" and
"C2"), each one including 128 STS-1 input flows: A2 in-
cludes STS-1 input flows from number 1 to number 128,
B2 includes STS-1 input flows from number 129 to
number 256 and C2 includes STS-1 input flows from
number 257 to number 384. The number of the input
flows of each first group depends on the switching ca-
pacity of the switching planes PlaneA2_C2_d,
PlaneB2__A2_d and RlaneC2_82_d: each switching
plane is able to crossconnect 256 Sots-1, the total input
flows are 384 STS-1 and thus the input flows are ar-
ranged into a plurality of first groups such that each first
group can be switched by one switching plane: in this
second embodiment, the input flows are arranged into 3
first groups, each one including 128 STS-1 input flows,
which can be switched by one switching plane able to
crossconnect 256 STS-1.

[0047] Itis worth noting that the first group B2 includes
input flows generated from different input ports, because
it includes 64 input flows from input port P5_in and 64
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input flows from input port P6_in.

[0048] The first groups of flows are duplicated into cor-
responding copies: group A2 is duplicated into group in-
dicated with A2_d, group B2 is duplicated into group in-
dicated with 82_d and group C2 is duplicated into group
indicated with C2_d, thus achieving 6 groups of flows.
[0049] The first groups of flows and the corresponding
copies are arranged into 3 second groups of flows, indi-
cated with "Link Group A2_C2_d", "Link Group 82_A2_d"
and "Link Group C2_B2_d", according to the following
rules:

- Link Group A2_C2_d includes A2 and C2_d;
- Link Group B2_A2_d includes B2 and A2_d;
- Link Group C2_B2_d includes C2 and B2_d.

[0050] Preferably, the generation of the input flows,
the arrangement into the first groups of flows, the dupli-
cation of the first groups of flows and the arrangement
into the second group of flows is performed using one
(or more than one) input memory and using means for
controlling the write into the memory and the read from
the memory.

[0051] Each second group of flows is switched by a
different switching plane:

Link Group A2_C2_d is switched by PlaneA2_C2_d,
Link Group B2_A2_d is switched by PlaneB2_A2_d
and Link Group C2__B2_dis switched by
PlaneC2_B2_d.

[0052] According to the second embodiment of the in-
vention, the network element further includes an output
line card (indicated with "Line Card2_out") comprising
selecting means (indicated with "Selector2") The select-
ing means include 3 data inputs, one data output (indi-
cated with 02_s) and one selector input (indicated with
Sel?2) for controlling the selection from the data inputs to
the data output. The output line card further includes
means for associating the data output of the selecting
means to the output ports.

[0053] PlaneA2_C2_d generates output i5_s carrying
384 STS-1 switched flows and is connected to the first
data input of Selector2 of Line Card2_out,
PlaneB2_A2_dgeneratesoutput16_scarrying 384 STS-
1 switched flows and is connected to the second data
input of Selector2, and PlaneC2_B2_d generates output
i7_s carrying 384 STS-1 switched flows and is connected
to the third data input of Selector2.

[0054] Therefore Selector2is adaptedtoreceive atotal
of 768 STS-1 flows and to select therefrom 384 STS-1
output flows carried over the output 02_s of the selecting
means. The selection is controlled by control information
over the control input Sel2, which is driven by a controller,
calculating the control information from configuration in-
formationindicating the cross-connertions between STS-
1 signals of an input port of the input line card and STS-
1 signals of an output port of the output line card.
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[0055] The network element further includes 2 output
ports (indicated with P5_out and P6_out) connected to
the output line card Line Card2_out The selected 384
STS-1 output flows are associated to the 2 output ports:
for example, output port P5_out includes the selected
output flows from number 1 to number 192, and output
port P2_out includes the selected output flows from
number 193 to number 384.

[0056] Each output port is adapted to transmit a digital
signal having a bit rate of about 10 Gbit/s, which includes
192 STS-1 frames (or another multiplexed signal of the
Sonet standard having a bit rate equivalent to the bit rate
of 192 STS-1 frames).

[0057] Therefore according to the second embodi-
ment, the invention allows to perform a switching function
for cross-connection of 384 STS-1 flows by using 3
switching planes, each one having a smaller cross-con-
nection capability of 256 STS-1 flows.

[0058] Fig.1 and Fig.2 show a plurality of switching
planes, wherein each switching plane can include one
fabric switch for performing the cross-connections (384
STS-1linthe firstembodiment or 256 STS-1 in the second
embodiment) of the switching plane: this is shown in Fig.
1 wherein PlaneAl includes one fabric switch indicated
with "M1", PlaneB1 includes one fabric switch indicated
with "M2", PlaneAl_d includes one fabric switch indicat-
ed with "M3" and PlaneB1_d includes one fabric switch
indicated with "M4", and it's shown in Fig.2 wherein
PlaneA2_C2_d includes one fabric switch indicated with
"M5", PlaneB2_A2_dincludesone fabric switchindicated
with "M6" and PlaneC2_82_d includes one fabric switch
indicated with "M7". Alternatevely, each switching plane
can include more than one fabric switch for performing
the cross-connections, that is M1 ... M7 indicates a log-
ical switching function (and not a physical fabric switch)
which is implemented over a plurality of fabric switches.
[0059] Preferably, the switching function of one switch-
ing plane is performed over a plurality of fabric switches
according to slicing of the flows of the second groups.
For example, PlaneAl of the first embodiment performs
the cross-connection of 384 STS-1 flows of Link Group
Al by slicing the 384 STS-1 flows over 4 fabric switches,
each one for cross-connecting 2 hits of every byte of all
the 384 STS-1 flows. Similar considerations apply to
PlaneBL1 for Link Group B1, to PlaneAl_d for Link Group
Al_d and to PlaneB1_d for Link Group B1_d. Another
example is PlaneA2_C2_d of the second embodiment
performing the cross-connection of 256 STS-1 flows of
Link Group A2_C2_d by slicing the 256 STS-1 flows over
3 fabric switches, each one for cross-connecting 1/3 of
the bandwidth of all the 256 STS-1 flows. Similar consid-
erations apply to PlaneB2_A2_d for Link Group B2_A2_d
and to PlaneC2_B2_d for Link Group C2_B2_d.

[0060] Moreover, the plurality of switching planes can
be implemented through different matrix boards or
through the same matrix board (like shown in Fig.1 and
Fig.2).

[0061] Referring to Fig.3, it shows a network element
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according to a third embodiment of the invention. The
network element includes twelve input ports (indicated
with P7_in, P8_in, .... P18 _in), an input line card (indi-
cated with "'Line Card3_in") connected to the input ports
and a plurality of fabric switches (indicated with M8,
M9, ... M23) for performing the cross-connections. Each
input port is adapted to receive a digital signal having a
bit rate of about 10 Gbit/s, which includes 192 STS-1
frames (or another multiplexed signal of the Sonet stand-
ard having a bit rate equivalent to the bit rate of 192 STS-
1 frames), each STS-1 frame having a bit rate of about
52 Mbit/s. The input line card receives the signals from
the input ports and generates therefrom a total of 2304
STS-1 input flows (also indicated with "logical” input
flows), which are arranged into 2 first groups (indicated
with "A3" and "83"), each one including 1152 STS-1 in-
put flows: A3 includes STS-1 input flows from number 1
to number 1152 and B3 includes STS-1 input flows from
number 1153 to number 2304.

[0062] The first groups of flows are duplicated into cor-
responding copies: group A3 is duplicated into group in-
dicated with A3_d and group B3 is duplicated into group
indicated with B3_d, thus achieving 4 second groups of
flows, indicated with "Link Group A3" including first group
A3, "Link Group B3" including first group B3, "Link Group
A3_d"including first group A3_d, and "Link Group B3_d"
including first group B3_d.

[0063] Eachsecondgroup offlowsincludes 1152 STS-
1 flows which can't be switched by one of the fabric
switches, which are adapted to switch 384 STS-1 flows.
Therefore each second group is further divided into three
third groups of flows, each third group including 384
flows. Specifically:

- Link Group A3 is divided into the following third
groups: A3.1 including flows from number 1 to
number 384, A3.2 including flows from number 385
to number 768, A3.3 including flows from number
769 to number 1152;

- Link Group B3 is divided into the following third
groups: B3.1 including flows from number 1153 to
number 1536, 83.2 including flows from number
1537 to number 1920, B3.3 including flows from
number 1921 to number 2304;

- Link Group A3_d is divided into the following third
groups: A3_d.1 including flows from number 2305
tonumber 2688, A3_d.2 including flows from number
2689 to number 3072, A3_d.3 including flows from
number 3073 to number 3456;

- Link Group B3_d is divided into the following third
groups: B3_d.1 including flows from number 3457
to number 3840, B3_d.2 including flows from number
3841 to number 4224, B3_d.3 including flows from
number 4225 to number 4608.

[0064] Each third group is cross-connected over 4 fab-
ric switches according to the slicing of the flows. Referring
specifically to A3.1, each flow is divided into 4 slices: the
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first slice is cross-connected by fabric switch M8, the sec-
ond slice is cross-connected by fabric switch M9, the third
slice is cross-connected by fabric switch M10 and the
fourth slice is cross-connected by fabric switch M11. This
is indicated in Fig.3 with continuous arrows from A3.1 to
M8, M9, M10 and M11.

[0065] Similar considerations apply to A3.2 and A3.3,
wherein the slicing is indicated in Fig.3 with arrows having
a dotted and broken line respectively.

[0066] Similar consideration also apply to:

- B3.1,B3.2andB3.3, which are cross-connected ac-
cording to slicing over fabric switches M12, M13,
M14 and M15;

- A3_d.1, A3_d.2 and A3_d.3, which are cross-con-
nected according to slicing over fabric switches M16,
M17, M18 and M19;

- B3_d.1, B3 d.2 and B3_d.3, which are cross-con-
nected according to slicing over fabric switches M20,
M21, M22 and M23.

According to the third embodiment of the invention,
the network element further includes an output line
card (indicated with "Line Card3_out") comprising
selecting means (indicated with "Selector3"). The se-
lecting means include 3 data inputs (indicated with
i8_s,19_s,i10_s, i1l _s), one data output (indicated
with 03_s) and one selector input (indicated with
Sel3) for controlling the selection from the datainputs
to the data output The output line card further in-
cludes means for associating the data output of the
selecting means to the output ports.

The first input i8_s is adapted to receive 1152 STS-
1 flows switched by fabric switches M8, M9, M10,
M11, the second input 19_s is adapted to receive
1152 STS-1 flows switched by fabric switches
M12,M13, M14, M15, the third inputil0_sis adapted
to receive 1152 STS-1 flows switched by fabric
switches M16, M17, M18, M19 and the fourth input
i11_s is adapted to receive 1152 STS-1 flows
switched by fabric switches M20, M21, M22, M23.
The selecting means are adapted to receive a total
of 4608 STS-1 flows and to select therefrom 2304
STS-1 output flows carried over the output 03_s of
the selecting means. The selection is controlled by
control information over the control input Sel3, which
is driven by a controller, calculating the control infor-
mation from configuration information indicating the
cross-connections between STS-1 signals of an in-
put port of the input line card and STS-1 signals of
an output port of the output line card.

The network element further includes 12 output ports
(indicated with P7_out, P8 out, ... P18_out) con-
nected to the output line card Line Card3_out. The
selected 2304 STS-1 output flows are associated to
the 12 output ports, each one adapted to transmit a
digital signal having a bit rate of about 10 Ghit/s,
which includes 192 STS-1 frames (or another multi-
plexed signal of the Sonet standard having a bit rate
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equivalent to the bit rate of 192 STS-1 frames).
Therefore according to the third embodiment, the in-
vention allows to perform a switching function for
cross-connection of 2304 STS-1 flows by using 16
fabric switches, each one having a smaller switching
capacity of 384 STS-1 flows.

Comparing the first and the third embodiments each
other, the third embodiment allows to perform a
switching function (2304 x 2304 STS-1) higher than
in the first embodiment (768 x 768 STS-1), by using
smaller fabric switches of the same switching capac-
ity (384 x 384 STS-1),

Referring to Fig.4, it shows a network element ac-
cording to a fourth embodiment of the invention,
which is a modification of the first embodiment. In
fact, Fig.4 shows a network element including the
input line card "Line Card1_in" of the first embodi-
ment and further including another Input line card
(indicated with "Line Card1.1_in"). According to the
fourth embodiment, other first and second group of
flows are generated from the input flows received at
the other Line Card1.1_in, like explained for the input
flows received at Line Card1 of the firstembodiment.
The other second group of flows generated from Line
Cardl.1_in are switched by the switching planes
PlaneAl, PlaneB1, PlaneAl _d and PlaneB1_d, like
explained for the second group of flows generated
from Line Card1_in of the first embodiment.
PlaneAl generates output il_s carrying 384 STS-1
switched flows and is connected to the first input of
Selectorl of Line Cardl_out, wherein the 384 STS-
1 switched flows can come both from the STS-1 sig-
nals of Link Group Al of LineCardl1_in and from the
STS-1 signals of Link Group Al of Line Card1.1_in.
PlaneB1 generates output 12_s carrying 384 STS-
1 switched flows and is connected to the second in-
put of Selectorl, wherein the 384 STS-1 switched
flows can come both from the STS-1 signals of Link
Group B1 of Line Card1_in and from the STS-1 sig-
nals of Link Group B1 of Line Card1.1_in. PlaneAl_d
generates output 13_s carrying 384 STS-1 switched
flows and is connected to the third input of Sefectorl.
wherein the 384 STS-1 flows can come both from
the STS-1 signals of Link Group Al_d of Line
Card1_in and from the STS-1 signals of Link Group
Al dofLine Cardl.1_in. PlaneB1_d generates out-
put i4_s carrying 384 STS-1 switched flows and is
connected to the fourth input of Selectorl, wherein
the 384 STS-1 flows can come both from the STS-
1 signals of Link Group B1_d of Line Cardl_in and
from the STS-1 signals of Link Group B1_d of Line
Cardl.l in.

PlaneAl further generates outputil.1_s carrying 384
STS-1 switched flows and is connected to the first
input of the selector of another output line card (not
shown in Fig.4). PlaneB1 further generates output
i2.1_scarrying 384 STS-1 switched flows and is con-
nected to the second input of the selector of the other
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outputline card. PlaneAl_d further generates output
i3,1_s carrying 384 STS-1 switched flows and is con-
nected to the third input of the selector of the other
outputline card. PlaneB1_d further generates output
i4.1_scarrying 384 STS-1 switched flows and is con-
nected to the fourth input of the selector of the other
output line card.

Selectorl is adapted to receive atotal of 1536 STS-
1 flows and to select therefrom 768 STS-1 output
flows carried over the output 01_s of the selecting
means. The selection is controlled by control infor-
mation over the control input Sell.1, which is driven
by a controller, calculating the control information
from configuration information indicating the cross-
connections between STS-1 signals of an input port
ofthe inputline cards and STS-1 signals of an output
port of the output line card.

Finally, the selected 768 STS-1 output flows are as-
sociated to the 4 output ports.

Therefore according to the fourth embodiment, it's
possible to perform cross-connections between sig-
nals received at two input line cards and signals gen-
erated from one output line card.

More in general, the switching planes PlaneAl.
PlaneB1, PlaneAl_d and PlaneB1_d are adapted to
receive second group of flows from all the input line
cards (for example, from 64 input line cards) and to
switch the received flows; selecting means are
adapted to select the switched flows from the switch-
ing planes, thus achieving the cross-connections be-
tween signals of any input port of any input line card
and signals of any output port of the output line card.
Moreover, the overall switching system, which in-
cludes the input line cards, the plurality of fabric
switches and the output line cards, is equivalent to
one switching function, thus there are no limitations
of the cross-connections between the inputs and the
outputs (for example, multicast can be performed),
Similar considerations apply to other output line
cards (not shown in the drawings), thatis it's possible
to perform the cross-connections between signals
of any input port of any input line card and signals
of any output port of any output line card.
Preferably, the switching planes PlaneAl, PlaneB1,
PlaneAl_d, PlaneBl_d are implemented through
one matrix board and the Controller is implemented
over this matrix board, such that the Controller (in-
dicated with "central” Controller) generates centrally
the control information for the selecting means of a
plurality of output line cards.

Referring to Fig.5, it shows more in detail the method
for performing the selection in the selecting means
(Selectorl) of the first embodiment of Fig.1. The fab-
ric switches indicated in Fig.1 with M1, M2, M3, M4
are implemented through memories indicated in Fig.
5 with MemAl, MemB1 MemAl _d and MemB1 d
respectively. Therefore the matrix board includes
memory MemALl for storing the flows of Link Group
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Al. MemBL1 for storing the flows of Link Group B1,
MemA1_d for storing the flows of Link Group Al1_d
and MemB1_d for storing the flows of Link Group
B1_d. The matrix board further includes four address
generators (indicated with "Address generatorl",
"Address generator2", "Address generator3" and
"Address generator4") generating the addresses
values for reading data from MemAl, MemBl,
MemA1_d and MemB1_d respectively,

Itis supposed that each memory is storing (at a fixed
time unit) one byte of each flow, thus each memory
is storing one data byte of 384 flows and 384 ad-
dresses values are required for accessing the mem-
ories. Referring to Fig.5, MemALl is storing data a_
JO at address a0, data a_J2 at address a2, data a_
J766 at address a766. MemB1 is storing data b_JO
at address b0, data b_J2 at address b2, ... data b_
J766 at address b766. MemA1_d is storing data a_
J1 at address al, data a_J3 at address a3, ... data
a_J767 at address a767. MemB1_d is storing data
b _Jlataddressbl,datab J3ataddressb3, ... data
b_J767 at address b767.

The selecting means (Selectorl) includes a first se-
lector (indicated with "Selectorl.1") for selecting da-
ta read from memory MemAl or from memory
MemB1, includes a second selector (indicated with
"Setectorl.2") for selecting data read from memory
MemAZ1_d or from memory MemB1_d and includes
aconverter from parallel to serial (indicated with "P/S
Converter") for receiving data from the outputs
i1.2_s,i3.4_s of the two selectors and for generating
therefrom a serial data stream over ol_s. The first
selector Selectorl.1 further includes one control in-
put (indicated with "Sel1.1") which is driven by the
Controller and the second selector Selectorl.2 fur-
ther includes one control input (indicated with
"Sell.2") which is driven by the Controller. Moreover,
the Controller generates a sequence of addresses
indicated with JO, J1, J2, .. J767 having length equal
tothe number of the STS-1 output flows (768) carried
over ol_s, wherein address JO corresponds to STS-
1 output flow #0, address J1 corresponds to STS-1
output flow #1, ... address J767 correspondsto STS-
1 output flow #767.

More specifically, 768 STS-1 output flows carried
over 0l_s are selected from the 1536 flows carried
overil_s,i2_s,i3_s, i4_s, according to the following
rule. Suppose to assign to the 768 STS-1 output
flows a number from 0 to 767: output flows having
an even number (0, 2, 4, ... 766) are read from
MemA1l or MemB1, while output flows having an odd
number (1, 3, 5, ..., 767) are read from MemAl1_d
orMemB1_d. Referring to Fig.5, Controller gener-
ates an address sequence indicated with JO, J1.
J2, ... J767, corresponding to the output flows from
0 to 768, wherein the addresses having an even
number (J0, J2, J4, ..., J766) are transmitted to the
input of Address generatorl and to the input of Ad-
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dress generator2, while the addresses having an odd
number (J1, J3, J5, ..., J767) are transmitted to the
input of Address generator3 and to the input of Ad-
dress generator4.

[0067] Address geheratorl receives as input the ad-
dress sequence JO, J2, J4, ... J766 and generates as
outputthe address sequence a0, a2, a4, ..., a766 respec-
tively, wherein a0, a2, a4, ..., a766 are the addresses of
MemAL1 storing the data received from Link Group Al.
[0068] Address generator2 receives as input the ad-
dress sequence JO, J2, J4, ... J766 and generates as
outputthe address sequence b0, b2, b4, ..., b766 respec-
tively, wherein b0, b2, b4, ..., b766 are the addresses of
MemB1 storing the data received from Link Group B1.
[0069] Address generator3 receives as input the ad-
dress sequence J1, J3, J5, ... J767 and generates as
outputthe address sequence al, a3, a5, ...,a767 respec-
tively, wherein al, a3, a5, ..., a767 are the addresses of
MemA1_d storing the data received from Link Group
Al d.

[0070] Address generator4 receives as input the ad-
dress sequence J1, J3, J5, ... J787 and generates as
outputthe address sequence b0, b2, b4, ..., b766 respec-
tively, wherein b0, b2, b4, ..., b767 are the addresses of
MemB1_d storing the data received from Link Group
B1_d.

[0071] The Controller receives configuration informa-
tion indicating the cross-connections to be performed be-
tweenthe 768 STS-1 input flows generated from the input
ports P1_in, P2_in, P3_in, P4_in and the 768 STS-1 out-
put flows transmitted from the output ports P1_out,
P2_out, P3_out, P4_outand generates therefrom an out-
put Sell including 2 bits, wherein one bit is used for driv-
ing the control input Sell.1 in order to select data from
MemAlwhen Sell.1="0"and from MemB1 when Sell.1=
'1’, and wherein the other bitis used for driving the control
input Sell.2 in order to select data from MemA1_d when
Sell.2="0" and from MemB1_d when Sell.2="1".
[0072] For example, suppose that the STS-1 input
flows are cross-connectedtothe STS-1 output flows such
that STS-1 output flow #1 carries data a_JO stored into
MemA1l, STS-1 output flow #2 carries data a_J1 stored
into MemA1_d. STS-1 output flow #3 carries data b_J2
stored into MemB1, STS-1 output flow #4 carries data
a_J3 stored into MemA1_d, STS-1 output flow #5 carries
data a_J4 stored into MemA1, STS-1 output flow #6 car-
ries b_J5 stored into MemB1_d, ... This can also be in-
dicated with the following output serial data sequence
carried over the outputol_s:a_JO,a J1,b _J2,a J3,a_
J4, b_J5, ... (this data is indicated with a bold font in the
memories of Fig.5)

[0073] In order to generate the above output data se-
guence, the Controller and the Address generatorl, 2,
3, 4 generate the following values for the control inputs
Sell.1 and Sell.2,

- ifaddr =J0 -> Sell1.1=0;
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- ifaddr=J1 -> Sell1.2=0;
- ifaddr=J2 -> Sell.1=1;
- ifaddr = J3 -> Sell1.2=0;
- ifaddr = J4 -> Sell1.1=0;
- ifaddr = J5 -> Sell.2=1.

[0074] According to the above values of Sell.1 and
Sell.2, the outputil.2_s of the first selector (Selector1.1)
carries the data sequence a_JO0, b_J2,a_J4, ... and the
outputi3.4_s of the second selector (Selectorl.2) carries
the data sequence a_Jla_J3,b_J5, ..... In order to gen-
erate the correct output data sequence, the output of the
first and second selector is connected to the two inputs
of a parallel to serial converter, which reads alternatevely
the data from the two inputs and transmits the data read
from the inputs to the output 01_s.

[0075] The above method for performing the selection
can be extended to the switching between a plurality of
input ports and a plurality of output ports, wherein the
ports can carry a plurality of signals. Referring to Fig.4,
it shows the switching between two input line cards (8
input ports) and one output line card (4 output ports). The
memory MemAL further stores the flows of Link Group
Al of Line Card1.1_in, MemB1 further stores the flows
of Link Group B1 of Line Card1.1_in, MemA1_d further
stores the flows of Link Group B1 of Line Card1.1_in and
MemB1_d further stores the flows of Link Group B_d of
Line Gard1.1_in, Address generatorl further receives an
information for identifying the input line card, in order to
generate to the output the address sequence addrl in-
cluding the values for reading the stored data received
from Link Group Al of Line Card1_in or from Link Group
Al of Line Cardl.1_in. Address generator2 further re-
ceives the information for identifying the input line card,
in order to generate to the output the address sequence
addr2 including the values for reading the stored data
received from Link Group B1 of Line Card1_in or from
Link Group B1 of Line Card1.1_in. Address generator3
further receives the information for identifying the input
line card, in order to generate to the output the address
sequence addr3 including the values for reading the
stored data received from Link Group Al_d of Line
Card1_in or from Link Group Al_d of Line Card1.1_in.
Address generator4 further receives the information for
identifying the input line card, in order to generate to the
output the address sequence addr4 including the values
for reading the stored data received from Link Group
B1_d of Line Gardl_in or from Link Group B1_d of Line
Cardl1l.1_in.

[0076] More in general, the matrix board includes a
plurality of memories storing the data of the flows of the
second groups and the rule for reading from the memo-
ries depends on the arrangement of the input flows into
the first groups, In fact according to the first embodiment,
the input flows are arranged into two first groups and thus
the address sequence JO, J1, .... is divided into two
groups, the first one including the even numbers (J0, J2,
J4, .., J766) and the second one including the odd num-
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bers (J1, J3, J5, ..., J767). This division between even
and odd number is only a preferred solution and other
solutions are possible. For example, the first group of the
addresses sequence can include the numbers JO, J1, J4,
J5, J8, J9 and the second group the numbers J2, J3, J6,
J7,J10, J11, ....

[0077] Referring to the second embodiment, the input
flows are arranged into three first groups and thus the
address sequence JO, J1, .... is divided into three groups.
For example, the first group includes the numbers JO, J3,
J6, ..., the second group includes the numbers J1, J4,
J7, ....the third group includes the numbers J2, J5, J8, ...
[0078] Therefore, according to the above method for
performing the selection in the first embodiment, the con-
trolinformationis distributed by the central Controller only
to the output line cards, while the input line cards are
blind to this control information.

[0079] According to the first, second, third and fourth
embodiments, the duplication of the first groups into cor-
responding copies is performed in the input line card
(preferably, at the transmission side) and the selection
of the switched flows is performed in the output line card
(preferably, at the reception side), but other solutions are
possible, like explained for the fifth embodiment, Refer-
ring to Fig.6, it shows a network element according to a
fifth embodiment of the invention, which is a modification
of the first, second, third and fourth embodiments. Ac-
cording to the fifth embodiment, the duplication of the
first groups into corresponding copies is performed in the
matrix board (preferably, at the reception side) and the
selection of the switched flows is performed in the matrix
board (preferably, at the transmission side).

[0080] More specifically, the arrangement into the first
and second group of flows is performed like in the first
embodiment, that is the 768 STS-1 input flows are ar-
ranged into first groups Al and B1 each one including
384 STS-1 flows, the first groups A1, B1 are duplicated
into A1_d, B1_d respectively and the second groups in-
cludes A1, Al _d, B1, B1_d. Fig.6 shows that the dupli-
cation of Al into A1_d is performed in the matrix board
and that the duplication of B1 into B1_d is performed in
the matrix board.

[0081] Fig.6 further shows that the selection of the
switched flows is performed by a first selector (indicated
with "Selector1.3") and by a second selector (indicated
with "Selector1.4") which are placed in the matrix board:
Selectorl.3 receives the flows switched by PlaneAl and
PlaneB1, while Selectorl.4 receives the flows switched
by PlaneAl_d and PlaneB1_d.

[0082] The fifth embodiment has the advantage (re-
spect to the first embodiment) to require less bandwidth
(thuslesslinks) between the input line card and the matrix
board and between the matrix board and the output line
card. In fact, the bandwidth required between the input
line card (or the output line card) and the matrix board of
the fifth embodiment is equivalent to the bandwidth of
768 STS-1, while the bandwidth required between the
input line card (or the output line card) and the matrix
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board of the first embodiment is equivalent to the band-
width of 1536 STS-1. therefore, in this example, the band-
width required by the fifth embodiment is half of the band-
width required by the first embodiment.

[0083] Preferably, the input flows carry digital signals
according to Time Division Multiplexing.

[0084] Preferably, the input flows carry digital signals
arranged into data packets; in this case, the configuration
information received by the Controller is generated dy-
namically and depends on the content of one (or more)
field carried in the data packets.

[0085] The method can be advantageously imple-
mented on a network element of an optical telecommu-
nications network, the network element including hard-
ware devices like an Application Specific Integrated Cir-
cuit (ASIC), a Field Programmable Gate Array (FPGA),
an Electrically Programmable Logical Device (EPLD) or
a microprocessor.

[0086] More specifically, the method for controlling the
selection in the selecting means of the first, second, third,
fourth and fifth embodiments is implemented through a
software program like Very high speed integrated circuit
Hardware Description Language (VHDL) or Verilog,
wherein the software program is running on hardware
devices in the network element like an ASIC, a FPGA or
an EPLD; alternatevely, the method is implemented
through a software program like C language running on
a microprocessor (external or embedded into an FPGA)
in the network element.

[0087] Fig.1showsaninputline card ("Line Card1_in")
and another output line card ("Line Gard1_out"). Prefer-
ably, an input/output line card includes the input line card
and the output line card. Similar considerations apply to
Fig.2, 3, 4 and 6.

Claims

1. Method for switching digital signals, including the
steps of:

- generating multiple input flows from multiple
inputs, the number of the multiple input flows
being higher than the number of the multiple in-
puts;

- arranging the multiple input flows into first mul-
tiple groups (A1, B1) of flows taking into account
the switching capacity of at least two fabric
switches, the number of flows switched by each
of the at least two fabric switches being smaller
than the number of the multiple input flows;

- duplicating the first multiple groups of flows into
at least one corresponding copy (Al_d, B1_d);
- arranging the first multiple groups and the at
least one corresponding copy into second mul-
tiple groups (Link Group A1, Link Group B1, Link
Group Al_d, Link Group B1_d) of flows;

- switching flows of the second multiple groups
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into the at least two fabric switches;

- selecting multiple output flows (01_s) from at
least part of the switched flows of the second
multiple groups.

Method according to claim 1, wherein the first mul-
tiple groups (A1, B1) and the copies (Al_d, B1_d)
are arranged into different second multiple groups
(Link Group A1, Link Group B1, Link Group Al_d,
Link Group B1_d).

Method according to any of the previous claims,
wherein the arrangement into the second multiple
groups is such that at least one second group (Link
Group A2_C2_d) includes a group (A2) out of the
first multiple groups and the copy (C2_d) of another
group (C2) out of the first multiple groups.

Method according to claim 1, further including the
steps of:

- dividing at least one of the second groups of
flows into third multiple groups (A3.1, A3.2,
A3.3) of flows;

- slicing the flows of the third groups over the at
least two fabric switches.

Method according to any of the previous claims,
wherein the at least two fabric switches are arranged
into multiple switching planes and wherein the
switching of the second multiple groups is performed
into different switching planes.

Method according to any of the previous claims,
wherein the multiple inputs are multiple input ports
and one group out of the first multiple groupsincludes
the input flows generated from different input ports.

Method according to claim 5 or 6, wherein one of the
multiple switching planesincludes a plurality of fabric
switches, the method further including the step of
slicing the flows of a group out of the second multiple
groups, wherein the step of switching the flows of
the group includes the switching of the sliced flows
over the plurality of fabric switches.

Method according to any of the previous claims,
wherein the multiple inputs are multiple input ports
and wherein a first input line card is adapted to re-
ceive the first multiple input ports, a matrix board
includes the at least two fabric switches and an out-
put line card is adapted to generate the multiple out-
put ports.

Method according to claim 8, wherein the step of
duplicating is performed at the transmission side the
first input line card.
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10.

11.

12.

13.

14.

15.

20

Method according to claim, 9, wherein the step of
selecting is performed at the reception side of the
output line card.

Method according to 8, wherein the step of duplicat-
ing is performed at the reception side of the matrix
board and the step of selecting is performed at the
transmission side of the matrix board.

Method according to any of claims 8 to 11, wherein
the step of arranging the multiple input flows further
takes into account the capacity of links between the
input line card and the matrix board.

Method according to any of claims 8 to 12, the meth-
od further including the steps of:

- generating in the matrix board control informa-
tion from configuration information indicating the
cross-connections between the multiple input
flows and the multiple output flows;

- transmitting the control information from the
matrix board to the output line card;

- receiving the control information at the output
line card and performing therefrom the selection
of the multiple output flows.

Method according to any of the previous claims, fur-
ther including the steps of:

- generating other multiple input flows from other
multiple inputs, the number of the other multiple
input flows being higher than the number of the
other multiple inputs;

- arranging the other multiple input flows into oth-
er first multiple groups (A1.1, B1.1) of flows tak-
ing into account the switching capacity of the at
least two fabric switches;

- duplicating the other first multiple groups of
flows into at least one other corresponding copy
(A1,1_d, B1.1_d);

- arranging the other first multiple groups and
the at least one other corresponding copy into
other second multiple groups;

- switching flows of the other second multiple
groups into the at least two fabric switches;

- selecting the multiple output flows from the at
least part of the switched flows of the second
multiple groups and from at least part of
switched flows of the other second multiple
groups.

Device to access at least two fabric switches for
switching digital signals, the device including:

- first means for:

« generating multiple input flows from mul-
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18.

19.

20.

21.

22.

21 EP 2094 022 Al

tiple inputs, the number of the multiple input
flows being higher than the number of the
multiple inputs;

« arranging the multiple input flows into first
multiple groups (A1, B1) of flows taking into
account the switching capacity of at least
two fabric switches, the number of flows
switched by each of the at least two fabric
switches being smaller than the number of
the multiple input flows;

« duplicating the first multiple groups of flows
into at least one corresponding copy (A1_d,
B1_d);

« arranging the first multiple groups and the
atleast one corresponding copy into second
multiple groups (Link Group A1, Link Group
B1, Link Group Al_d, Link Group B1_d) of
flowsto be switched by the atleast two fabric
switches;

- second means (Selectorl) for selecting multi-
ple output flows from flows switched by the at
least two fabric switches.

Device according to claim 15, wherein the multiple
inputs are multiple input ports and wherein a first
input line card (Line Card1_in) is adapted to receive
the first multiple input ports.

System for switching digital signals, the system in-
cluding a device according to claim 15 or 16 and
including the at least two fabric switches.

System according to claim 17, the system including
a matrix board comprising the at least two fabric
switches, wherein the first means further takes into
account the capacity of links between the input line
card and the matrix board.

System according to claim 17, the system including
controlling means adapted to receive configuration
information indicating the cross-connections be-
tween the multiple input flows and the multiple output
flows and to generate therefrom information for con-
trolling the selecting means.

Network element including a system according to
any of claims 17 to 19.

Telecommunication network including at least one
network element according to claim 20.

Computer program comprising computer program
code means adapted to perform the steps of the
method according to claim 13 when said computer
program is run on hardware of a network element.
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